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High-formability ERW Stainless Steel Pipes for Automotive Exhaust System
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Synopsis :

Applications of stainless steel to automotive parts for lighter weight and higher
durability, ultimately contributing to environmental protection, have been increasing.
Kawasaki Steel has developed a new forming process and a mill. This mill was termed
CBR (chance-free bulge roll) forming mill that adopts a new design of a roll flower
pattern. High quality ERW stainless steel pipe, which has excellent formability and
high quality of welded seam, satisfactorily produced by this mill. The average r-value of
the newly developed stainless steel was improved by more than 1.3 times in comparison
with the conventional stainless steel while retaining the same level of heat resistance.
Therefore, the formability of the newly developed stainless steel pipes was nearly equal

to that of conventional stainless steel pipes after stress relief annealing.
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High-formability ERW Stainless Steel Pipes
for Automotive Exhaust System
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Synopsis:

Applications of stainless steel to automotive parts for lighter weight and higher durability, ultimately contributing to
environmental protection, have been increasing. Kawasaki Steel has developed a new forming process and a mill. This mill
was termed CBR (chance-free bulge roll) forming mill that adopts a new design of a roll flower pattern. High quality ERW
stainless steel pipe, which has excellent formability and high quality of welded seam, satisfactorily produced by this milk
The average #value of the newly developed stainless steel was improved by more than 1.3 times in comparison with the
conventional stainless steel while retaining the same level of heat resistance. Therefore, the formability of the newly devel-
oped stainless steel pipes was nearly equal to that of conventional stainless steel pipes after stress relief annealing.
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Fig. 1 Example of stainless steel tube for exhaust system
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Table 1 Chemical compositions of stainless steel tubes for automotive exhaust system

(mass%)
i Element content
Kawasaki Steel standard C 5 Mn Cr Nb Mo Ti
R409L 0.010 041 0.28 11.3 — — 0.23
R429EX 0.008 0.80 0.39 14.7 0.45 — —
R430LNM 0.012 0.23 0.31 172 6.40 0.53 —
R434LN2 0.010 035 0.3 18.0 0.35 1.95 —
R436LT 0.008 0.08 0.16 17.8 — 110 0.34
R432LTM 0.005 0.06 0.22 173 e 0.54 0.33

Table 2 Mechanical properties of ERW stainless steel pipes for
automotive according to JIS11

YS (MPa) TS (MPa) El (%)

R409L 395 420 56

2.0¢ x 48.6¢ | R429EX 443 495 48
R430LNM 490 525 45

R409L 375 420 55

15¢ X 38,19 R429EX 471 503 47
R436LT 430 475 46

R43ZLNM 450 490 42
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Table 3 Avwailable size range

D (m)
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Fig. 2 Features of the CBR forming flower
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i Conventional breakdown roll forming mill 1
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CRBR forming mill

Fig. 3 Comparison of mill layout

Edge bend roll Cage roll

———
Forming direction of seat strip

Phote 1 Comparison of deformation in middle pass

Photo 2 Appearance of strip sheet in cage roll forming zone of
CBR forming mill
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Fig. 4 FElongation improvement of ERW stainless steel pipe

(SUH4059L) (CBR vs. conventional)
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Table 4 Mechanical properties of ERW stainless steel pipes,
Typed29Nb (R429EX) according to JIS11

YS (MPa) TS (MPa) El (%) rvalue

Newly developed steel 465 511 419 1.6

Conventionai steel 438 488 50 1.2

Conventiontal steel

after stress relief annealing 299 201 51 -

Pipe size: 1.2 mmt X 42.7 mm¢

1.50

Newly developed Conventional

140 |

130

120

Limit expansion ratio (X diameter}

1.10 L i
Asrolled As rolled

After stress relief
annealing

Fig. 5 Comparison of limit expansion ratio between newly devel-
oped and conventional stainless ERW pipes

Photo 3 Appearance of ERW pipe (1.5 mmix 42,7 mme) after
expansion test (Expansion ratio = 1.45 x Diameter)
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Photo 4 Appearance of ERW pipe of newly developed stainless
steel after 50 mm~R-90° bending (3 points)

® Developed steel pipe (Asrolled)
QO Conventional steel pipe (As-rolled)
A Conventional steel pipe (After stress relief annealing)
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Fig. 6 Comparison of thickness reduction ratio after 90° bend-
ing between newly developed and conventional stainless
steel pipes
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Fig. 7 Comparison of limit expansion ratio between newly devel-
oped and conventional stainless ERW pipes (R436LT:
1.2 mmi % 28.6 mmg)
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Conventional Newly developed

Photo 5 Appearance of test pieces after expansion test

(SUS436L “R436LT” 1.2 mmf % 28.6 mmg¢), (a} conven-
tional stainless steel pipe {Limit expansion ratio 1.20),
(b) newly developed stainless steel pipe (Limit expan-
sion ratio 1.45) )

Tube: 42.7 ¢ x 1.0¢ x 200 L

Material parameters (SUS430):
o =784 {¢ + 0.06)**
r=14,14

Friction coefficient:

# = 0.06 (DieTube)
w = 0.1 (Counter piate-Tube)}

Rigid conrection
(Axial feed punch-Tube)
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Fig. 9 Comparison of minimum thickness and dome height
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Fig. 10 Loading curve
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Table 5 Parameters in FEM simulation for tube hydroforming of tees

Loading path . Thickness
Case Pressure Ax. Feed Counter Material {mm) rvalue
0109 225/450 xaxl Used SUS430 1.0 1.0
0110 225/450 xax1 Used SUS430 1.0 14
0112 225/450 xax1 Not used SUS430 1.0 1.0
0113 2257450 xaxl Not used SUUS430 1.0 14
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